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loneorvraya J Ovoocheeushilnaya Promyshlennost (Food Canning &K

Dried Vegetables Industry), 17, No.11, pp.36 - 39, 1962. A,

Cijtem~orr S;tale of the problem of Botulism Stioulant and C anW

Ygod Production

By: 1.0. KAZOKHINA

Central Scientific Research Institute of Canned ?oods and Dried

Vegetables Industry (ThNI11OP)

(Translated by: Edward Lachowicz, Maryland, Medical-Legal Foun-

dation, Inc., 700 Fleet Street, Baltimore, Md., 21202)

The causative agents of putrefaction that occur during canning

of foodstuffs and aye subjected to a thermal sterilization are

ost often more thermostabile than those of Cl. botulinum, thus

the sterilization procedures calculated to destroy these agents

will also guarantee a destruction of Cl. botulinua spores.

evertheleesit is essential to have a thorough knowledge of

the factors that determine a possibility of the spores' germination,

also of the development of botulism cu-1ture in canned foods and in

nutrient media at laboratories.

There is a very long list of products, which having developed

Cl. botulinua, served for a while as a source of botulism disease;

this has been exposed in the course of numerous rtsearch analyses.

Many investigators have determined t.hat botulism spores can do-

velop under specific conditicna almost in all types of canned foods

such as seats, fishes, vegetables and even In some fruits; some-

tiase, the development of botulism culture and ito production of L

toxin may proceed withont any apparent chaaes in the organoleptic
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aspeots of a product. 0
In moot c eso ehAe in the ozgacleptio aspects of oan04

fos are oaly sl1btly developed, If conditions ere lose suitable

for the germinatio of botulism cult re. Tory signifioant in this

respect are the rsult obtained by GRNJiU3G,, R.A. e*I t . (1),

wMo emiied the effects of table salt on the formation of toxi

and orgsnoleptio changes in canned sealted eets (see Table 1).

C o*en- Concen- Quantities Quantities
tzation of tration (in of ex- of speci-
rIA~ ISn %ll seat) Of amnedons in Organoleptic indic te

i l eat f aipee- which the of a"at
II sii- toxin wa

ae de teslod

3.00 2.1 20 19
3.02 2.2 20 19 Spoiled meat, soft

5.14 3.5 2U 14 tissues, strong odor

0.2s 4.3 118 94 Loft tissues
6.25 4.3 14 9 Soft tissues without

putrefactive or cohee7
odor

6.25 4.3 6 3 ]iza tiseuesappe sat
slight spoilage

7.09 5.1 97 13
7.12 5.0 104 14

8.95 6.4 103 0J lorsl test-pieces

11.49 7.5 102

It a obwoius from Table 1 that increased concentration of

table salt reduces the number of specimens whose production of

toz.n is combined with the appearance of visible putrefaction in

Our exaainatiens also revealed that, with the development of

Cl. betIli- in some heogeised (for infants) vegetables. packed
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In vacuum tin canfs, gas protuberanoes have not always developed

noticetably In storage.

There Is an opinion that most of the l.ropan strains of C1.

botulnum type B belong to conproteolytio cultures and they cauae

a putrefa .ion in products which Is not always disti ctly expressed.

The botulism microbe may be detected In many cane that were

processed on a certain date. Such was the case with look lettuce

processed In Italy and mold in the USA. It Is also possible that

only some can ay contain botulism culture out of &any millions

of cans of the same product that were processed on various dates.

The sost frequent are inz'atncgs,whero in millions of cans, spoei-

mns are found that contain both, the culture and the toxin of

bottlism. Our experience proved that the presence of botulism

spores together with vestigial icroflora of cann d foods may be

&A5eos t-. ivjerfectxons or by Izpalrmenta in tV* production toch-

L6. . + -r "v r-iental circumstances, the cause of which can

,t alw ys be txz..ined Altimateiy.

!+he detetion of botulIsm microbe sporsot. still regain

in a product after thermal process Ing presents famillar diffi-

culties. One characteristic aspect of Cl. botulinum spores is a

ccndition of doraancy,wlicb can last up to 5 years. According to

H.hIUI iN (2), Cl. botulin,m sporsa of the @me suspension may

intergrow and visioly develop at random i. dissimilar media (!able

2).

We determined a quantity of spores after identical Inoculation

into a liquid medium for cultivation of microorganisms and then

0 we coupacrd this with alike procedure, except we used the agar



edioua In oouautlg of colonies; we discovered that, with a pro- 0

longed storage under thermoetatic control, a considerably greater

Ramber of viable spores could be detected in a liquid medium.

oal 2

Quantities of inter- ?ie required
grown spores after (in days) for

Culture medium 100 dayb In storae Inter rowng
under thermostatic of E0 of
control 8gree

Pork broth ................... 12xct o 3.4

CamoeL medium + yeast autolysate. 11xI0 6  20
3kimed milk + 1% peptone ....... 36xI0 6  35

A de ectoLn and counting of spoers that survived a heating

proces is eep~oeally nore difficult, if processing involved an

inteneLfied heating. A medium suitable for counting of nonheated

spores my not be suitable for counting of heated spores. According

t the intensity of thermal processing, heated spores become more

senesitve to the prwe.nce of reieneratore in a medium, to its

active aedity and to the incubation temperature of inoculations.

A t present, t s onsoared as generally acknowledged that,

for the development of anaerobes, and that of Cl. botulinum as

well, not the abeano* of oxygen is one essential condition, but a

low redox potential: 1h. the oxidation-reduction potential is

combined with the pl of a aediuz according to this formula:

2 =  + 2pH,

where r is the degree o' aerobic (or anaeroble) condition in a

medium.

The most ae:roblo conditions expressed are of the magnitude:
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r -2 0 42.51 the moot anaerobic conditions area zH2 -0. The rV2

value in L medium is determined on account of the presence therein

of revereible oxidation-reduction pairs, also irreversible reducing

agenta and the aotion of free oxygen. For the intergrowt.h of Cl.

botulinum spores a medium should have rft2 no higher than 14.

The Intergrowth of spores, division of cells and production

of toxi-n in Cl. botulinum culture are combined with the edium's

pH. A mintmal pH value that enables the growth of Cl. botulinum

culture changes considerably according to the strain and the medium

as such. The lowest pH value that permits growing of Cl. botulinuA

Is 4.8. In analyzing a case of botulism sickness that was caused

by ;roducts which at the intake tine poeesose4 the pH lower than

4.5, INGRAM and R.H.M. ROBINOfi (3) came to the conclusion that

a high active acidity appeared in these products after production

of toxin on account of the development of aiod-forming micro-

or aniose which accompanied l1. botuinum.

At the same time, K.I. CHX TLXCVA (4) established a possi-

bllty of the development of Cl. botulinum in tomato sauce with

active acidity above 4.5, after a prior development of micro-

or~a~nieas in the sauce that alkalized the meduz. The opt!mAu pH

value for the growth of Cl. botulinum culture 11o6 between 5.5

and 7.0.

The active acidity of a medium was accepted as one of the

factors on the basis of which R.G. )LThOZOVA (5) divided all

canned foods currently produced in the U3SH into three groupa

with respect to a possibility of the botulism culture development

in thea

I I n.. . .. .. . . .. . .. _J l .. . .I5- -l . . . .



1. Cae4 mets, fish and natural vegetables, with the S 0
botoen 5.2 =M 6,5, in which a development of Cl. botulirum

occurs propt lv

2. Canned foods (basically vegetable enact), with the pa1

between 4.6 and 5.2, In which Cl. botulinum develops irregularly,

Sad

. btowed fruits, tomato products and marinades in which

Cl. botullnum does not develop.

A temperature is one of the basic factors which determine

the utergrowth of spores. division of cells and production of

toxin ln Cl. bolulln- culture. A such higher incubation teaper-

ature is requizd for the Intergrowth of spores than for the growth

and division of vegetative cells. Thus, a production of toxin at

200 C proceeds independently of the condition whether a sodium was

iniculated with washed-off cells or sporel vegetative cellt may

grow a.d livide at 15 0 CI however, washed-off spores usually seldom

intergrow. the top temperature limit for the intergrowth of spores

is 42.5 0C.

The temperature limitatilons for breeding and division of

cells are wider than the temperature limits for the intergrowth

of spores the former range between 10 and 48 0 C. The rate of the

division of cells, the autolysis of culture and the synthesis of

=x:in, all are subject to chaA*e according to changes in the incu-

bation temperature. P.7. ] 0I3 YUT and L.L. kIMJ' (6) stated that

'the aximum g c th of the culture, also of the autolysis of cells

and of the synthesis of toxin were observed between 28 and 40 0 C

(see figures 1 and 2). The rate of the growth advanced with the

-
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increased temperature, althougb the amount of pro4uced toxin ro-

a a optical densityl b a duration of storage under thermostatic

control (in hours).

Figure - Dependency curves of the growth of Cl. botulinum with

relation to the incubation temperature 1 - 370C; 2 -

35 C; 3 - 280CI 4 - 240C; 5 - 48' C 6 - 10 to 18.0C

- minimal lthabl dose per 1 AI, b - duration of storage under

thermostatic control (in hours,.

?jgure 2 - Dependency curves cf the production of C1. botulinum

toxin with relatie to the inoubation temperature: 1 -

37°CI 2 - 35 0C; 3 - 240C; 4 - 10 to 180C, 5 - 480C.

mained the same. The maximum tomporature at which we observed the

grovth of the culture was 40C, ut, at the same time, no increase



in V : oxicity of ubaratum wan Ulel @ 'nis temperature, the

4vloon of vegetative cello continud, d the synthesis of toxin

declled. Obviously, the toxin that was brought along with a culture

A it was subsequently liberated, Lnactivatod i self gradually by

way of denaturination. 10 noticed a growth of zulture and synthesis

of toxlu at temperatures between 10 and iooC. Since the toxin re-

main stable at these temperatures, a prlorlged incubation is the

cause of increase in the toxicity of eu',e-tratuz.

I bstancee may exist in canned foode and in nutrient medis

at laboratories, which inhibit the grou th of botulism sporese,

namelyt dissolved tin, fatty acids and phytonoides. The effective-

nes of the bacterioottle action of %In has been linked with

certain types of oanns4 products and witL the concentration of

dissolved tin.

The suppresuion of the intergrowt- uf 1 , botullnum culture

uncer %-e effects of tin haa been observed in experiments with

carrotv, beeti and pod beno; no sucn sff~,ct was observed in 4x-

perlzonte with asparagus, cabbage, potatoes and turnips.

Many investigators determined that some fatty acids, particu-

larlY those In a state of the ox14izing putrefaction, e.g. un-

baturated (0.01% oloic, linoleic and Lnoienic acids) may inhibit

the Intergroeth of spores of Cl. b tulir.um snd division of cells.

latty scids strongly suppresa sporee and -etai vegetative

cello., In a compound edium may o.c!u~ fa'Oy (ads or their salts

in a dissolved state in such quantities, which will exert their

*ffo a on a qantity of intergrown sporee, Consequently, in re-

...i



search experiments, e.g. In nves igationo of the thermostab.lity

of spores, one must take Into account the influences of fatty

acids in a sedium. If it becomes necessazy to eliminate these

effects, it is proposed that 0.1% of starch be added as n in-

hibitor to the nutrient media.

0

a s Nonterilizeds b w sterilized; c a legend; d a C1. betulinum

spores not detected e - detected not Litergrown sporee of Cl.

botulinum; f - detected intergrown spores and Cl. botulinum toxin,

?Pgure 3 - Graph symbolizing heating effOcts on the intergrowth

of Cl. botulinua spores (pH 5.5i 50,000 spores per

1 gs of product) in canned beef borsch: 1 - without

heating (control); Z beating at 110 0 C for 5 minutes;

3 - beating at 1200C for 2 minutes; 4 - heating at

1250 C for I minute.

In a nAbor of substances which render their bactericidal and

bacteriostatio effects on sporo3 of botulism oulttare we also find

ne- 9 --
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phytoneides. R.G. IATROZOVA experimenta with tomato products and

discoerud phytoncides' active sifects on botulism culture. The

action of tomato phytoncidee depended on the content therein of

dry substances, which tended to combine with active reaction in

a medium, The action commenced to appear with the pE 5.5 and in-

creased noticeably with the decrease of pH to 4.5.

R.G. MATR0Z07A disclosed that adding tomato paste to various

vegetables that are usually served as canned foods with dinner

dishes prevented a development of botulism spores therein. Like-

wisa, R.G. MATROZOVA initiated experiments with vegetable3 infected

with nonheoted spores of Cl, botulinum. Subsequent investigations

of a possibility of developaent Cl. botulinum in former canned

dinner foods were carried out in the microbiological laboratory

of TSIIIIOP, beginning with the nonsterilized and sterilized beef

borsch'. 0
Bjrsch inoculated with Cl. botulinuum spores (figure 3) was

heated at various temperatures and durations in eims. Pigure 3

shows that heating of C1. botulinum spores :n nonsterilized and

sterilized borsch actuated the growth of botulism culture and pro-

duction of toxin therein.

A dual process takes place with the heating of spores: one

share of spores dies away and the other one becomes activated. It

is considered that the duration of heating at which a maximum

quantity of Cl. botulinun spores can be detected in a medium is

equal to 0.233 minutes at 104.4 0 C.
---------------------------------------------------------------

- Russian soup of several ingredients colored with red beet
4ulce.

-- 10 -- 1



Thus, it ia ObvlOuO fr- tbh. report that, if botulism spores

01ist in the final microflc.- of cr-aned foodse, their intergrowth

in a ready producto or their detection by Inoculation into nutrient

media, depends on many factors, whi.ch must be taken into actount

.n coninection with the micr0biLologica" controls In the canned food

Industry.
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printdfotoe Workers in inaustry, building construction and

transportation! Implement t!.e complex inechauxization and

automation! - boldly implant .n Induatry our achievements In

scienoe, technology and In advanced experiment.!

* (Appeal of the Central Committee of the Communist Party on the

45th Anniversary7 of the G remt C,,- tober Revolution).


